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Influence of Soil Reaction and Zinc Applications
on Yields and Zinc Contents of Rice Plants
J. E. Sedberry, Jr.,^ F. E. Peterson,'- F. E. Wilson,'
D. B. Mengel,^ S. D. Maika,' P. E. Schilling,^
AND R. H. Brupbacher'
Introduction
Zinc deficiency was first observed in Louisiana in flooded rice fields by
Peterson etal. (1966). The disorder was subsequently confirmed by Engler
(1969). Zinc deficiency is now recognized as an important nutritional
disorder that affects rice grown on approximately 15 percent of the soils in
the Prairie area of southwestern Louisiana (Sedberry et ciL, 1978). Zinc
deficiency in rice has been noted on soils with a neutral to alkaline pH. Rice
plants growing on alkaline soils have exhibited a condition commonly
referred to as "bronzing." The "bronzing" of the leaves is thought to be
due to inadequate amounts of Zn in the soil and in the leaves of rice plants.
The objective of this investigation was to determine the influence of
different soil pH levels and application of Zn on the yield of rice and the
chemical composition of rice plants grown on Crowley silt loam (Typic
Albaqualf).
Review of Literature
Ryker and Sturgis ( 1939) reported that there were certain soils in south-
western Louisiana with relatively high pH values. Rice plants grown on
these soils usually showed severe root rot and produced low grain yields.
Application of 600 and 1 ,200 pounds of S per acre to alkaline soils
significantly increased yields. Soils in these alkaline spots undoubtedly
contained low levels of Zn and possibly low levels of other micronutrient
elements as well.
^Professor, Research Associate, and Professor, respectively, Department of Agronomy,
LSU, Baton Rouge.
-Superintendent, Idlewild Experiment Station, Clinton.
•'^Assistant Professor, Rice Experiment Station, Crowley.
^Former Assistant Professor, Agronomy, Rice Experiment Station, currently Assistant
Professor, Purdue University.
^Professor and Head, Department of Experimental Statistics, LSU Agricultural Experi-
ment Station, Baton Rouge.
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The physiological disorder of rice referred to as "bronzing" has been
described and attributed to inadequate soil-Zn levels by F. R. Cox and J. I.
Wear (1977).
Zinc-deficiency symptoms of rice are sometimes difficult to diagnose.
The midribs of young leaves first become chlorotic, brown spots or streaks
later develop in lower leaves, and plant growth is stunted. Zinc-deficient
young seedlings wither and die from the tops downward. After true leaves
have developed, Zn-deficiency symptoms generally appear as light-yellow
to rusty-brown lesions on stems and leaves. In the tillering stage, lesions on
Zn-deficient plants resemble rust infections. Under flooded conditions,
Zn-deficient plants appear very listless and the bottom leaves float on the
water surface. All leaves of such plants have a rather pale yellow-green
color. These visual symptoms have been described by Sam P. Firmin,
fomier county agent, Acadia Parish, Louisiana (personal communication).
Yoshida and Tanaka ( 1969) confirmed that "Khaira'' disease of rice in
north-central India and the "Hadda'' disorder was referred to as "bronz-
ing'' because of the brown discoloration of plant leaves.
According to Yoshida and Tanaka (1969), and Sedberry et al. (1971)
(1978), the critical level of Zn in rice tissue is approximately 15 ppm.
However, the ashing technique used is very important in establishing
critical levels of Zn and other micronutrient elements in rice-plant tissue.
Consistendy lower values for Zn are usually obtained when the tissue is dry
ashed in a muffle furnace as compared with values from wet-acid digestion.
Dry ashing of plant material invariably leaves a Si residue which adsorbs
traces of micronutrients. This adsorption particularly affects rice tissue
which contains relatively high amounts of Si . Zinc losses due to adsorption
on Si may be as high as 25 percent or more unless Si is first removed by
treatment with HF.
Said (1979) found that quantities of Zn extracted from 25 samples of
air-dried soil with four extracting solutions were larger than amounts
extracted from soils that had been flooded with distilled water for 6 weeks.
He also reported that flooding increased the pH of all soils.
There are several reasons for the decreased availability of Zn under
reduced conditions found in flooded soils in addition to high soil pH or
calcareous material. Yoshida and Tanaka (1969) and Ponnamperuma
(1972) reported that ZnS may be formed as S04= is reduced to H2S in
flooded soils. The solubility of ZnS is extremely low. Zinc may also be
absorbed by Ca and Mg carbonates. Zinc is more strongly absorbed by
magnesite, MgCO,}; it is absorbed less by dolomite, CaMg(CO:0; and is
absorbed least by calcite, CaCO.?. Magnesite and dolomite appear to
adsorb Zn into the crystal surfaces at sites in the lattice normally occupied
by Mg atoms (Tisdale and Nelson, 1966). Precipitation of Zn as carbo-
nates, hydroxides, and phosphates can also reduce the availability of Zn.
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Experimental Details
This investigation began in 1967 and continued through 1974 to study
the influence of three pH levels resulting from different limestone applica-
tion rates and two zinc application rates on rice yields and Zn composition
of rice plants grown on Crowley silt loam (Typic Albaqualf).
Five years before start of the investigation, the soil had been ''water-
leveled'' to facilitate flooding and draining. Certain physical and chemical
properties of Crowley silt loam soil after ''water-leveling'' are shown in
Table 1
.
The experimental design was a split-plot. Limestone amendments were
applied on main plots and Zn treatments were applied on subplots. Each
treatment combination was replicated three times. In 1 975, the experiment
was modified to include S applications as a variable with limestone and Zn
treatments. Yield data were not collected in 1 967. In an effort to control an
infestation of red rice, soybeans were grown on the experimental plots in
1971 and 1972.
Dolomitic limestone was applied in 1967 and none was applied in
subsequent years. Sulphur was broadcast on the surface of the soil on
certain plots at the rate of 500 pounds per acre in 1975. Similar amounts of
S were applied in 1977. Zinc-chelate (14.2 percent Zn) was applied
annually at a rate equivalent to 1 .7 pounds of Zn per acre. Zinc material in a
water solution was applied to the soil surface with a gravity flow applicator.
An annual application of 120 pounds of N, 22 pounds of P, and 42
pounds of K per acre was applied uniformly to each plot with a drill before
plots were planted. Urea (46 percent N), concentrated phosphate (20.2
percent P), and muriate of potash (50 percent K) were the sources of N, P,
and K, respectively.
Saturn rice was grown from 1967 to 1970; Vista rice was grown from
1973 through 1978. Rice was planted at a seeding rate of 90 pounds per
acre. Seed in each plot were drilled in 1 2 rows spaced 7 inches apart. Each
plot was 7-feet by 50-feet.
Soil samples were collected annually from each of the plots before
application of fertilizer. Soil samples were placed in 1 8-ounce plastic bags
Table 1.—Physical and chemical properties of Crowley silt loam
Physicial properties^ Chemical properties
Sand Silt Clay P K Ca Mg Mn Cu Fe pH O.M.
--- % %
1.19.1 70.6 20.3 13 85 960
- PPm -
480 45 2.3 37.7 6.8
Particle size distribution of sand, silt, and clay was determined with a hydrometer and sieve.
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for transport to the laboratory. After air-drying, the pH, organic matter
content, and macronutrient element status of soil samples were determined
by the methods currently used in the soil testing laboratory. Zinc was
extracted from the soil samples with 0.005 M DTPA and 0.01 M CaCh;
0. 1 M TEA was used to buffer samples (pH 7.3). A soil-to-solution ratio of
1:2 and an extracting period of 2 hours were used to determine
extractable-Zn levels.
Leaf samples were collected from rice plants growing on each plot. The
leaf-tissue samples consisted of 50 mature leaves taken when the rice
panicle was approximately 2 mm long. The leaves were rinsed in distilled
water and placed in cotton bags for transport to the laboratory. The leaves
were dried in a forced-draft oven at 70°C for 24 hours, ground in a
stainless-steel Wiley mill to pass a 20-mesh sieve, and stored in 4-ounce
glass containers.
The leaves were ashed in a 1:3 mixture of concentrated HCIO4 and
HNO,3 acids. Zinc concentration in the filtrate was determined by an atomic
absorption spectrophotometer.
Yield, leaf tissue, and soil chemical analyses data were evaluated in a
split-plot experiment with analysis of variance in a randomized design and
correlation regression analyses.
Results and Discussion
Effects of applications of limestone and Zn on the yield of rice grown on
Crowley silt loam during a 5-year period are shown in Table 2. The data
show that average yields from plots that did not receive Zn were reduced by
964 pounds per acre when 2 tons of limestone per acre were applied.
Yields were further reduced by 1 ,388 pounds per acre when 4 tons of
limestone per acre were applied. Applying Zn to plots that did not receive
limestone significantly increased yields in 1969 and 1970. Application of
Zn to soil that received 2 and 4 tons of limestone per acre significantly
increased yields over the 5-year period. The effect of Zn was more pro-
nounced when it was applied to soil receiving the higher rate of limestone.
Application of Zn to plots that received 4 tons of limestone per acre
significantly increased yields in each of the 5 years. When Zn was not
applied, each of the 4 tons of limestone caused a 588-pound-per-acre
reduction in yield. Applying 4 tons of limestone per acre to soil that
received Zn reduced rice yields by 1 76 pounds per acre per ton of limestone.
The pH of Crowley silt loam in experimental plots varied considerably
within each year and from year-to-year. The variation in soil pH was
thought to be due to soil heterogeneity and "water-leveling." The move-
ment and mixing of soil with mechanical equipment during "water-
leveling" was not uniform. Deep cuts exposed subsoil in certain areas that
contained calcareous material with relatively high and variable pH values.
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Table 2.—Effects of limestone and zinc applied to Crowley silt loam on rice yields
(1968-74)
Rice yields (Lbs./Acre)^
Limestone
applied
Soil
pH
Zinc treatments
(Tons/Acre)^ Year2 (Range) No Zn Zn^ Difference
1968 6.5-7.1 5,095 5,443 348
1969 6.7-7.3 2,713 4,174 1,461
0 1970 6.5-7.6 2,788 4,478 1,690
1 07^ A A 7 K A AAA A 0714,0/ 1 Ar\74U/
1974 6.6-7.4 5,298 6,440 1,142
5-year average: 4,072 5,081 1,009
1968 7.2-7.8 2,590 4,053 1,463
1969 7.4-7.9 1,968 3,184 1,216
2 1970 7.1-7.9 2,068 4,240 2,172
1 07^
1 y/o 7 0 7 0/ .u- / . y 4, z 1 Z A TfiA4, JoO 1 7A1 /4
1974 7.0-7.7 4,701 5,510 809
5-year average: 3,108 4,275 1,167
1968 7.5-7.9 1,240 3,940 2,700
1969 7.6-8.0 1,035 3,344 2,309
4 1970 7.5-7.9 800 4,190 3,390
1973 7.4-7.9 3,033 4,479 1,446 ^
1974 7.1-7.9 2,490 5,926 3,436
5-year average: 1,720 4,376 2,656
Zinc comparisons
LSD.05 CV (%)
1968 1,305 21.9
1969 1,044 23.9
1970 1,591 32.2
1973 493 7.1
1974 1,745 17.2
Combined 517 21.3
^Dolomitic limestone was applied in 1967.
^Rice was rotated with soybeans in 1971 and 1972.
-'Average of four replications in 1 968-73. Average of three replications in 1 974. Grain yields adjusted to
12% moisture.
'^Zinc was applied annually at a rate equivalent to 1 .7 pounds of zinc per acre as zinc chebte (14.2%
zinc).
The effects of applications of limestone and Zn on soil-Zn and leaf-Zn
levels are shown in Table 3. Annual application of 1.7 pounds of Zn per
acre to the soil significantly increased the average concentration of Zn
extracted with DTPA-TEA, pH 7.3, over the 5-year period. Research
conducted in conjunction with this investigation showed that 0.7 ppm ofZn
extracted from the soil with DTPA-TEA was a marginal Zn level for the
economical production of rice (Sedberry et al., 1978). Zinc treatment did
not significantly increase the concentration of leaf-Zn in all years. How-
7
Table 3.— Effects of limestone and zinc applied to Crowley silt loam on soil-zinc and
leaf-zinc content (1968-74)
Zinc content^
Limestone Soil No zinc applied Zinc applied
applied pn
(Tons/Acre) Year (Range) SoiP Leaf3 Soi|2 Leaf3
1968 6.5-7.1 0.5 9 1.7 12
1969 6.7-7.3 0.5 16 0.6 24
0 1970 6.5-7.6 1.2 21 1.8 26
1973 6.4-7.5 2.1 15 2.0 21
1974 6.6-7.4 1.6 13 2.6 23
5-year average: 1.2 15 1.7 21
1968 7.2-7.8 1.3 8 1.7 10
1969 7.4-7.9 0.5 15 0.5 22
2 1970 7.1-7.9 1.3 20 1.6 30
1973 7.0-7.9 1.6 14 2.0 21
1974 7.0-7.7 1.8 14 2.5 24
5-year average.- 1.3 14 1.7 21
1968 7.5-7.9 1.2 8 >.8 10
1969 7.6-8.0 0.5 18 0.5 29
4 1970 7.5-7.9 1.2 19 1.8 25
1973 7.4-7.9 1.6 14 2.3 21
1974 7.1-7.9 1.6 12 2.7 22
5-year average: 1.2 14 1.8 21
Zinc comparisons
LSD.o5(ppm) CV(%)
Soil zinc (combined) .03 11.6
Leaf zinc (combined) 8.00 31.4
^Average of four replications.
^Zinc was extracted from soil v/ith the DTPA-TEA method. Zinc content of filtrate was determined on an
atomic absorption spectrophotometer.
'Leaf tissue was digested in a 3:1 mixture of HNO3 and HCIO4.
ever, consistently higher Zn concentrations in rice-leaf tissue were found
following Zn applications. Both annual Zn concentrations and average Zn
concentration over the 5-year period in tissue from plots receiving Zn were
consistently higher than concentrations found in tissue taken from plots that
did not receive Zn. Rice plant leaves that contain less than 1 5 ppm ofZn are
considered to contain lower-than-recommended concentrations of Zn
(Sedberry et al., 1971).
Deficiency symptoms attributed to low tissue-Zn levels were observed
on rice plants growing on plots that did not receive an application of Zn. In
early stages of growth, the symptoms appeared as a sudden blighting of
older leaves of the seedling. The lesions were surrounded by chlorotic areas
which became white. Lesions and chlorotic areas extended from the sheath
up the midrib of the older true leaf, parallel to the leaf vein. As the disorder
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developed, the base of the leaf blade and midvein became bleached with
brown flecks, spots, and irregular linear blotches. Affected leaves rapidly
blighted and the seedlings appeared to die. However, removing the
blighted outer leaves showed that the youngest leaf remained green. Cool,
overcast weather contributed to the symptoms, and extended periods of
adverse weather, together with a high infestation of rice water weevils,
increased the intensity of the observed symptoms of Zn deficiency.
Zinc-deficiency symptoms often are not expressed until fields are per-
manently flooded. Lower leaves of affected plants first become limp and
float on the surface of the flood water. These leaves rapidly turn yellow-
orange and develop small brown flecks. In the more severely affected areas
of fields or in deep water, seedlings begins to disappear below the surface
of the flood water, rice stand thins, and areas of open water appear.
Zinc-deficient plants that do not die are often stunted and have brown flecks
on the leaf blades. These flecks expand into irregular, linear, purple-brown
blotches on older leaves. If the affected plants have responded to an
application of N fertilizer before plants show ''bronzing'' symptoms, a
distinctive chlorotic area which rapidly becomes white is often observed in
the midleaf area and around the brown blotches. The leaf blade or tip of the
blade may become bronze due to the formation and coalescence of many
small purple-brown flecks. From a distance, the plants in a field appear to
take on a bronze to gold color. Plants in the affected field often exhibit
typical N-deficiency symptoms as well as symptoms typical of "bronz-
ing." Zinc-deficiency appears to interfere with the nomial utilization of N.
Plants can exhibit Zn-deficiency symptoms at any stage of growth. If
plants become deficient at heading, the leaves and glumes will show the
typical chlorosis, brown flecking, and spotting. Severe Zn-deficiency
during heading will affect florets. A condition similar to straighthead may
occur where panicles of affected plants remain upright as pollination fails
to take place or as kernel development is aborted.
The effects of limestone, S, and Zn applied to Crowley silt loam on rice
yields during a 4-year period are shown in Table 4. Soil pH varied
considerably during each year and from year-to-year at all levels of applied
limestone and S. Variations in soil pH on plots that did not receive
limestone and S indicated that differences in pH were not due to the
nonuniform distribution of these two amendments.
In the first year, increasing limestone application rates resulted in a
corresponding reduction in rice yields (Table 4). Application of 4 tons of
limestone per acre significantly reduced yields by approximately 2,000
pounds per acre. The yield depression resulting from the limestone treat-
ments was counteracted by the application of either S or Zn . In general , rice
yields increased on nonlimed soil when S and/or Zn were applied. In 1 976,
applying limestone and S did not influence yields significantly. No sig-
nificant interaction was found among the different treatments. Applying Zn
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Table 4.—Effects of limestone, sulphur, and zinc applied to Crowley silt loam on rice
yields (1975-78)
Rice yields (Lbs./Acre)^
Limestone OOll Zn treatments
applied Sulphur pM
(Tons/Acre) treatment^ Year (Range) No Zn Zn3 Difference
1975 6.4-7.
1
A Am 936
0 No S 1976 6.4-7.3 1 70Q A A704,0/Z 944
1977 6.4-7.1 o,oZo A '3714, J/o 550
1978 6.6-7.4 2,960 3,840 880
4-year average: 3,730 4,557 827
1975 6.2-7.4 A RAA A70 628
0 S 1976 5.4-6.9 4,zU4 A 7 1^ 14,/0 1 547
1977 5.7-6.7 A lOAozo A AOO 166
1978 5.8-6.8 3,990 4,220 230
4-year average: 4,341 4,734 393
1 975 6.8-7.6 3,763 4,620 857
2 No S 1976 6.7-7.7 3,41
1
4,285 874
1977 6.3-7.7 3,022 4,002 980
1978 7.1-8.0 2,490 3, 190 700
4-year average: 3,172 4,024
1975 6.7-7.8 216
2 S 1976 5.9-7.3 T 70n 4,0JJ 635
1977 5.8-7.5 ^ 1 74,4 1 / 364
1978 5.9-7.5 3,200 3,830 630
4-year average: 3,891 4,352 461
1975 6.9-7.7 0 TQOZfOOZ J, u/
u
2,688
4 No S 1976 6.7-7.8 O AOO ATQ4,ooo 1,939
1977 6.7-7.8 1 oo c 4,^J4 2,309
1978 7.2-8.1 2,420 3,530 1,110
4-year average: 2,357 4,368 2,01
1
1 07'^
1 y/
J
A 7 7 3 674 4 903 1 ooo1 ,zzv
4 S 1976 6.1-7.5 2,982 4,211 1,229
1977 6.1-7.4 3,334 4,096 762
1978 5.9-7.9 2,890 3,720 830
4-year average: 3,220 4,233 1,013
Treatment comparisons
1975
1976
1977
1978
Combined
LSD.05
1,195
1,063
1,841
287
497
406
Limestone
Zinc
Limestone X zinc
Sulphur
Limestone X sulphur
Zinc X sulphur
Limestone X zinc X sulphur 703
Zinc 1,168
Zinc 657
Sulphur 524
Zinc 492
Zinc 1,029 CV = 15.8% 1,029
^Sulphur was applied at a rate of 500 pounds per acre in 1975 and 1977.
^Average of three replications. Grain yields adjusted to 12% moisture.
'Zinc chebte (14.2% Zn) was applied annually at a rate equivalent to 1.7 pounds of zinc per acre.
.
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alone, and applying Zn with limestone and S in the second year, increased
yields significantly. In 1977, the residual atYects of previous limestone
applications did not significantly influence yields. However, lower yields
were obtained on plots that received 2 to 4 tons of limestone per acre when
S and Zn were not applied. Application of Zn and S, with or without
limestone, significantly increased yields.
In 1978, the residual effects of limestone applications did not signifi-
cantly influence yields; however, yields from plots that received either 2 or
4 tons of limestone per acre were lower than yields from plots on which S
and Zn had been applied. The residual effects of S did not significantly
influence the yield in the final year of the investigation. Applying Zn
significantly increased yields in 1978.
When the yields for all years were combined, only the Zn treatment
proved to be significant (Table 4). However, consistently higher yields of
rice were recorded on plots that received both Zn and S. Consistently lower
yields of rice were obtained following the application of 2 or 4 tons of
limestone per acre when Zn and S were not applied. The data indicate that
on silt loam soils with pH values approaching neutrality, applying Zn
and/or S should be considered in the overall fertility program for rice
production.
The effects of limestone, S, and Zn applications on soil-Zn and leaf-Zn
contents over a 4-year period are shown in Table 5. Applying Zn increased
the combined 4-year average soil-Zn content at all limestone and S rates.
The soil on all plots that did not receive Zn contained relatively low levels
of extractable Zn. The data indicate that limestone and S treatments did not
significantly influence amounts of soil-Zn extracted with the DTPA-TEA
method. Applying Zn did not significantly increase leaf-Zn concentrations.
However, consistently higher leaf-Zn concentrations were found in leaves
from plants grown on plots that received Zn. Leaf-Zn concentrations varied
considerably some years. This variation indicates that plant-tissue analysis
to determine Zn concentrations may have certain inherent limitations when
used as a diagnostic technique. Climatic conditions, particularly tempera-
ture and overcast days, are known to influence plant growth and subsequent
uptake of Zn and other essential plant-nutrient elements. Some of the
variation in leaf-Zn noted during the different years may have been due to
varying climatic conditions.
The influence of soil reaction (pH) on rice yields is presented in Figure 1
.
The pH of the soil accounted for 45.67 percent of the variability in yield.
The data show that when soil pH exceeded 7.0, rice yields were signifi-
cantly reduced. Further significant yield decreases were obtained when the
pH of Crowley silt loam was adjusted to 7.5 with dolomitic limestone.
The relationship between yield and Zn extracted from Crowley silt loam
with the DTPA-TEA method is shown in Figure 2. Extractable Zn levels
accounted for 42.19 percent of the variability in yield. A simple linear
1
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Table 5.—Effects of limestone, sulphur, and zinc applied to Crowley silt loam on
soil-zinc and leaf-zinc content (1975-78)
Zinc content (ppm)^
Limestone
applied Sulphu
Soil
pH
No zinc applied Zinc applied
(Ions/Acre) treatment Year (Range) boil Zn Leat Ln c_:l 1 1 Leaf Zn-^
1975 6.4-7.1 0.6 16 0.9 27
0 No S 1976 6.4-7.3 0.6 17 1.2 25
1977 6.4-7.
1
0.4 17 0.8 23
1978 6.6-7.4 0.3 17 0.9 20
4-year average: 0.5 1
7
1.0 24
1975 6.2-7.4 0.6 20 1.0 29
0 S 1976 5.4-6.9 0.5 16 1.3 22
1977 5.7-6.7 0.4 20 0.9 21
1978 5.8-6.8 0.4 19 1.0 19
4-year average: 0.5 1
9
1 .0 23
1975 6.8-7.6 0.7 17 0.9 26
2 No S 1976 6.7-7.7 0.7 16 1.4 20
1977 6.3-7.7 0.4 17 0.8 27
1978 7.1-8.0 0.4 18 0.9 22
4-year average: 0.5 1 1 .0 24
1975 6.7-7.8 0.8 23 0.9 32
2 S 1976 5.9-7.3 0.6 20 1.3 31
1977 5.8-7.5 0.5 1 0.7 23
1978 5.9-7.5 0.4 18 1.0 19
4-year average: 0.6 20 \ .U
1975 6.9-7.7 0.6 15 0.9 26
4 No S 1976 6.7-7.8 0.7 13 0.4 12
1 077
1 y/ / A 7 7 QO. /-/ .O u. o 1 '* n ft on
1978 7.2-8.1 0.4 18 0.8 20
4-year average: 0.5 15 0.8 20
1975 6.7-7.5 0.7 21 1.1 29
4 S 1976 6.1-7.5 1.5 26 1.3 21
1977 6.1-7.4 0.4 16 0.8 20
1978 5.9-7.9 0.3 17 0.9 17
4-year average: 0.8 20 1.0 22
Soil zinc (combined)
Leaf zinc (combined)
LSD.05 (ppm)
0.2
8.0
Zinc comparisons
CV (%)
16.9
22.7
^Average of three replications.
^Zinc v/as extracted from soil with the DTPA-TEA method. Zinc content of filtrate was determined on an
atomic absorption spectrophotometer.
^Leaf tissue was digested in a 3:1 mixture of HNO3 and HCIO4.
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Y =-107700.297 + 33749.87X -2520.94X
=45.67%**
6.5 7.0 7.5 8.0
Soil Reaction, pH
Rgure 1.—Influence of Crowley silt loam soil reaction (pH) on rice yields. **P<.01.
6000
4000
2000
Y =1883.31 + 1383.89X
r':42.19%**
1.0 2.0 3.0
Soil-Zn,ppm
Figure 2.—Relationship between rice yields and zinc extracted from Crowley silt loam
with the DTPEA-TEA method. **P<.01.
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relationship was found between these two variables. The data show that
rice yields were significanUy lower on soils that did not receive Zn and
contained less than 1.0 ppm of extractable Zn.
The influence of soil pH on soil-Zn levels is shown in Figure 3. The data
show that increasing soil pH from 6.5 to 8.0 resulted in a significant linear
reduction in soil-Zn amounts extracted with the DTPA-TEA method.
Critically low soil-Zn levels were found when the pH was adjusted to 7.5
on soil to which no zinc had been applied.
The relationship between leaf-Zn concentrations and soil-Zn levels is
shown in Figure 4. A highly significant curvilinear relationship was found
between these two variables. Approximately 23 percent of the variability
was accounted for in the regression analysis. The data indicate that extract-
ing soil Zn with the DTPA-TEA method and determining leaf-Zn concen-
trations of leaves from rice plants with panicles that are 2-mm long may be
effective diagnostic techniques to determine the Zn-nutrient status of soils
and plants.
3.0-
2.0-
1.0
Y : 7.473 - .806X
r^:1770%*
6.5
—I r-
7.0 7.5
Soil Reaction, pH
Figure 3.—Influence of soil reaction (pH) on zinc extracted from Crowley silt loam
with the DTPA-TEA method. *P<.05.
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I
1
1 f
0.5 1.0 1.5 2.0
Soil-Zn,ppm
Figure 4.—Relationship between leaf-zinc concentration and zinc extracted from
Crowley silt loam with the DTPA-TEA method. **P<.01.
Summary and Conclusions
An investigation conducted under field conditions determined the influ-
ence of different soil pH levels and annual Zn applications on rice yields,
soil-Zn and leaf-Zn concentrations. Rice was grown on Crowley silt loam
(Typic Albaqualf). Data obtained over 10 years led to the following
conclusions:
1
.
A highly significant quadratic relationship was found between the
rice yields and soil pH. Soil pH accounted for 45.67 percent of the
variability in yields. Rice yields were significandy reduced when soil pH
exceeded 7.0. Further significant yield decreases resulted when soil pH
was adjusted to 7.5.
15
2 . A highly significant linear relationship was found between yields and
soil-Zn levels extracted with the DTPA-TEA method. Extractable Zn
accounted for 42. 1 9 percent of the variability in yield. Significantly lower
rice yields were obtained on soils that did not receive supplementary Zn
when these soils contained less than 1 ppm extractable Zn.
3. Increasing soil pH from 6.5 to 8.0 resulted in a significant linear
reduction in the amount of soil Zn extracted with the DPTA-TEA method.
Critically low soil-Zn levels were found when the soil pH was adjusted to
7.5 when no Zn was applied.
4. A highly significant curvilinear relationship was found between the
Zn concentration of rice leaves and soil-Zn levels extracted with the
DTPA-TEA method. Approximately 23 percent of the variability in leaf-
Zn concentrations was accounted for by extractable soil-Zn levels.
5. Data indicate that the amount of soil-Zn extracted with the DTPA-
TEA method and determining leaf-Zn concentrations of rice plants with
panicles 2-mm long may be effective diagnostic techniques to determine
the zinc-nutrient status of soils and rice plants.
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